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Abstract 
In order to improve the electric energy quality of switching power supply, through the theoretical analysis on the high 
frequency large-power rectification and the reverse switch supply theory, we conclude that the switch supply is the 
main polluting source of affecting the power energy quality. At the same time, we obtain that the contents of 3, 5, 
7th-fold harmonic components in the switching supply is highest through the measurement of special harmonics test 
instrument. Other high-frequency harmonics also exist, but their proportions are rather low, as can be neglected. 
Therefore, the 3, 5, 7th-fold harmonic components of the switching supply are the major reasons leading to the 
system polluted. In order to eliminating the pollution of the harmonics produced by the switching supply to power 
grid and the side-effect to its own control system, this paper designs a general 3-phase passive filter instrument which 
can not only restrict harmonics, but also improve the power factor of the supply system. The test shows that the 
method can make the supply system to ideal effect, the contents of all kinds of harmonics become rather lower than 
the standard constituted by our country, and it also degrades the power harmonics and decreases the alternating 
current ripples greatly. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
In recent years, with the development of the power electronics technology in the switching power 
supply, switching power supply has become an important method to improve system reliability and 
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efficiency. On the one hand, switching power supply is developing toward high-frequency, high-speed, 
high sensitivity, high reliability, versatility and small size, on the other hand, the power capacity and 
power density of power electronic devices is increasing, such as intelligent welding machine, photovoltaic, 
inverter, servo control system etc. However, a serious problem is that when the power switch turn off and 
on in the high-frequency will produce high harmonics and electromagnetic interference, they will 
interfere with power grids and the stability and reliability of the system itself [1-6]. Line interference 
caused by harmonics, electromagnetic interference is spread by radiation. There are two methods used to 
suppress harmonics: passive filter and active filter. Although in theory active filter is better than passive, 
but because of its technical complexity, high cost, so the passive filter is often used, this method can not 
only suppress harmonics, but also reactive power compensation[1].  
Whether switching power supply and the system can work reliably, harmonics has become one of the 
main obstacles. So, it is important for us to study the harmonic. 
2. The theory of harmonic analysis 
The switching characteristics of power electronic devices are strongly nonlinear when switching power 
on and off and running, a lot of harmonic interference will be generated. 
2.1. Single-phase power rectifier harmonic analysis 
Sine wave is preferred because of its non-harmonics, thus reducing the iron loss and improves 
efficiency [6]. In motors, transformers, and electrical equipment is designed to assume the power supply 
is a sine wave, but in fact there is no standard in power supply system in the sine wave and DC power. 
They are the superposition of different frequencies of sine wave form. As shown in Figure 1(a) is a 
single-phase rectifier circuit. To make the DC current ripple small, the AC voltage Rectifier circuit 
needed to join a large inductance, namely： /L R T>> , 20T ms= . This load current is approximately 
DC dI . Since the inductor current can not change suddenly, when the switch on and off, there are the rise 
and fall time.  As shown in Figure 1 (b). 
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Fig. 1. (a) A single-phase large power rectified circuit; (b) the load current of single-phase rectified circuit. 
Rise and fall time angle:
2 rt Tφ π=                                                                                                                                            (1) 
Fourier transforms Figure 1(b) we get: 
1 3 5[ sin sin 3 sin 5 ]di I c t c t c tω ω ω= + + +LL                                                                                                 (2) 
From equation (2) we can see the current of single-phase rectifier contains odd harmonics. 
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2.2. Harmonic analysis of single-phase inverter 
Figure 2(a) is a typical single-phase inverter circuit, we assume that the DC voltage is E, the switch 
work in an ideal situation, that is turn on at zero voltage and off at zero current and turn on and off time 
zero. Switch duty cycle is 50% [10]. 
According to Figure 2(a) we have the following formula: 
( )V t E= ， 0 t / 2T≤ ≤                                                                                                                       (3) 
( ) 0V t = ， / 2T t T≤ ≤                                                                                                                       (4) 
Fourier transforms formula (3) and (4) we have: 
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From equation (6) we obtain that  V (t)  include 1,3, 5, 7th-fold harmonic components and Other high-
frequency harmonics. V (t) superposed by its each of components. As shown in Figure 2 (b). 
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Fig.2.(a) A single-phase inverter circuit; (b) the rectangular wave superposed by its each of components 
Analysis the single-phase rectifier and the inverter circuit, we arrive at the current loop contain 
harmonic currents; similarly, the three-phase rectifier and inverter also contain harmonic currents. 
Therefore, switching power supply of electrical equipment will generate harmonic currents. 
3. Harmonic suppression 
Prevention and remedy are two ways to suppress Switching Power Supply harmonics [7]. Prevention is 
that when we design switching power supply, according to design requirements, adopt effective processes 
and methods to control the switch, but no matter what control strategy we adopt harmonic components is 
inevitable[8,9]. Remedy is that we use technical measures, which can suppress harmonics. Now two 
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methods are used to suppress harmonics: passive filter and active filter. There are many domestic and 
international literatures to study the active filter in ideal conditions. But in practice they are very difficult. 
These problems include: detection of harmonic content, offset of harmonic content, real-time. And Active 
filter switching device will produce its own harmonics. So, considering the production costs and control 
methods, we adopt passive filters.  
For the contents of 3, 5, 7th-fold harmonic components in the switching supply are highest through the 
measurement of special harmonics test instrument. Other high-frequency harmonics also exist, but their 
proportions are far below the national standards, as can be neglected. There are many ways to design 
passive filter. In this paper we have designed passive filters which can suppress 3, 5, 7th-fold harmonic 
components. As shown in Figure 3. (a) is the circuit of passive filter,(b) is the simulation of passive filter. 
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Fig.3.(a) The circuit of passive filter; (b) The simulation of passive filter 
It can be seen from the simulation that the design can suppress 3th-fold harmonic component (L1, R1, 
C1), 5th-fold harmonic component (L2, R2, C2), 7th-fold harmonic component (L3, R3, C3). 
4. Test
According to Figure 3(a), we designed a passive filter and connect the passive filter circuit by Parallel 
way. As shown in Figure 4. Resonant point should be carefully selected. After have make several 
simulations and tests, we give L1=0.70mH、C1＝239uF、R1=100Ω，L2=0.65mH、L2=178uF、R2=100
Ω, L3=0.52mH、L3=104uF、R3=50Ω. 
 Fig. 4 The assembling diagram of passive filter 
We made use of a three-phase rectifier TZ-3X100 welder to test effect of the passive filter. Figure 5(a) 
is the input voltage waveform of the switching power supply, which does not install of filter, its 
waveform harmonic content reaches to 17%; Figure 5(b) is the input voltage waveform of the switching 
power supply, which install of the filter, its waveform harmonic content only reaches to 2%. Obviously, 
the effect of the filter is very good. 
2102  Jianqu Zhu et al. / Procedia Engineering 29 (2012) 2098 – 2102 Jianqu Zhu, Dong Xie, Feng Wang , Taiqiang C o / Procedia Engineering 00 (2011) 000–000 5
           
Fig. 5.(a) The voltage waveform without filter; (b) The voltage waveform with filter 
5. Conclusion 
In this paper, a passive filter is designed. First through theoretical analysis the single-phase rectifier 
and the inverter circuit, we known switching power supply of electrical equipment will generate harmonic 
currents. Then, we designed a three-phase passive filter device and make a simulation. Simulation results 
show that three-phase passive harmonic filter has a good effect. Finally we made use of a three-phase 
rectifier TZ-3X100 welder to test effect of the passive filter. Test results show that the technique 
presented in this paper can make the supply system to ideal effect, the contents of all kinds of harmonics 
become rather lower than the standard constituted by our country, and it also degrades the power 
harmonics and decreases the alternating current ripples greatly. 
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